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INTRODUCTION 


There  frequently  appear  references  to  heparin  in  the  literature  of 
histamine.    These  souroes  indioate  that  these  two  substanoes  are  found 
in  the  body  tissue.    The  referenoes  go  farther  in  showing  that  histamine  and 
heparin  are  found  within  the  sane  body  units  viz.    The  mast  cells.    These  mast 
cells  are  a  rioh  source  of  both  histamine  and  heparin.    When  an  allergic 
reaction  occurs  within  a  portion  of  a  living  body,  histamine  and  heparin  appear 
in  the  blood  of  that  area.    During  anaphylactic  shock  when  histamine  is  released 
into  the  lymph  and  blood,  it  is  not  long  until  heparin  also  appears  in  these 
fluids.    The  simultaneous  appearance  of  these  compounds  haa  led  to  the  question 
of  whether  or  not  they  might  be  in  combination.    It  is  the  purpose  of  this 
paper  to  measure  the  amount  of  interaction  by  some  experimental  means.  The 
problem  ia  whether  this  appearance  is  coincidence,  or  if  these  two  powerful 
chemioals  form  some  type  of  complex  or  coordination  compound. 

HISTORICALLY 

Kehrer  (1908)  demonstrated  the  strong  stimulating  a  :ent  ergotamine  on 
plain  musole  tissue;  the  same  year  V/indaus  prepared  histamine  by  enzymatic 
decarboxylation  of  histidine  (22).    Dale  observed  this  demonstration  by  Kehrer, 
and  became  interested  in  the  ap,ent  that  could  oause  such  a  powerful  reaotion. 
He  isolated  this  compound  from  ergot,  and,  from  the  enzymatic  decarboxylation 
of  histidine.    Dale  (1910)  identified  both  of  these  oompounds  as  being 
histamine.    A  discrepancy  arose  v-hen  it  was  observed  that  the  oompound  obtained 
from  the  histidine  reaction  would  cause  a  rise  in  the  blood  pressure  of  rabbits. 
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Histamine  has  always  been  known  to  cause  a  decrease  in  blood  pressure.  This 
obstacle  was  removed  when  histamine  was  found  to  raise  the  blood  pressure  of 
rabbits  under  certain  conditions. 

Erhlich  (1878)  first  observed  the  interaction  of  heparin  with  oertain 
basic  dyes  (20).    He  noted  that  oertain  cells  would  stain  with  toluidine  blue, 
while  oells  adjacent  to  them  would  not.    He  reported  this  differential  stain- 
ing, and  observed  that  these  oells  seemed  to  oluster  around  small  blood 
vessels.    It  was  because  of  this  location  that  he  oalled  these  cells,  "mast 
oells"  meaning  "well  fed." 

McLean  (20)  in  1925  isolated  heparin  from  dog  liver  in  the  form  of  a 
phosphatide.    Heparin  received  its  name  from  its  discovery  in  the  liver,  and 
heparin  actually  means  "in  the  liver."    Howell  recognized  its  high  anti- 
coagulant character.    Jorpes  (1942)  found  that  there  was  a  direct  relation- 
ship between  the  amount  of  heparin  that  could  be  extracted  from  tissue  and 
the  number  of  mast  oells  present  (10). 

About  this  time  there  was  disagreement  in  the  literature  concerning  the 
homogeneity  and  probable  structure  of  heparin.    However,  workers  did  agree 
that  heparin  of  different  animals  exhibited  different  anticoagulability.  It 
was  not  until  1960  that  Jorpes  (11)  and  Wolform  (29)  found  through  independent 
research  that  the  potency  of  heparin  seems  to  be  due  to  amine  sulfate  linkage 
(-NH0S02"). 

Histamine,  4-ethylamineimidazole  is  a  weak  organic  base. 
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Figure  1 
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Histamine  shows  pK  values  of  fi.14  and  9.B7  for  two  of  the  amine  -roups  at 
25°C»    A  titration  curve  typioal  of  a  weak  dibasic  amine  is  obtained  in 
titrating  histamine.    (Plate  I) 

Heparin  appears  to  have  a  polysaocharide  struoture,  containing  two 
speoific  ring  structures  within  a  unit,  glucosamine  and  glucuronic  acid. 


-OgSO 


Cf»2H 


Figure  2 

Wolfron  (29)  reports  the  following  structure,  as  one  of  the  possible  heparin 
structures. 
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Figure  3 


For  this  unit  the  molecular  weight  is  1413.274,  and  it  has  the  following 
formula  (C24  R33  O35  N2  Sg  Ba2i.).    The  optical  rotation  of  the  sodium  salt  of 
heparin  is  reported  in  this  paper  to  be  (  <X  )2*d    16,5  degrees  in  chloroform. 

Upon  titration  of  heparin  with  KOH  a  typical  acid  base  titration  curve 
results.    The  end  point  appears  at  pH  of  7.5  (Plate  I). 
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LITERATURE  REVIEW 

TTistamine  is  known  to  be  present  in  the  blood  during  anaphylactic  shock, 
and  it  is  present  in  high  concentration  in  areas  of  the  skin  which  exhibit 
Bllergy  rer-ctior.s.    Anaphylactic  shock  oen  be  induced  by  the  injection  of 
histamine  into  a  teat  animal,  or  by  an  injection  of  a  foreign  substanoe  to 
which  the  test  animal  had  previously  been  sensitized.    In  his  book 
P.ocha  e  Silva  (22),  summarises  the  literature  on  histamine.    He  draws  attention 
to  the  fact  that  histamine  has  been  found  in  the  lymph  of  the  thoracic  duct 
during  anaphylactic  shock,  accompanied  by  the  simultaneous  appearance  of 
anti coagulability  of  the  blood. 

Jaquos  and  Waters  (8)  found  heparin  in  dog's  blood  during  anaphylactic 
shock;  but  not  in  normal  dogs  blood.    They  also  determined  that  this  heparin 
came  from  the  liver,    Viihite  and  Woodard  (26)  report  that  heparin  is  found  in 
the  lymph  of  the  thoracic  duct  following  shook  in  dogs.    Other  interesting 
observations  have  been  made.    Dragstedt,  Wells  and  Rooha  e  Silva  (4)  have 
s;  own  that  suppression  of  histamine  release  in  rabbit  blood  can  be  accomplished 
with  heparin.    However,  the  amount  needed  for  this  is  far  above  the  concentra- 
tion needed  to  prevent  coagulation.    Stacht  (16)  further  summarises  work  done  on 
lower  aniials.    Pigeons,  guinea  pigs,  rabbits  and  rats  can  be  protected  from 
severe  anaphylactic  shook  by  previously  injecting  them  with  heparin.  Gerendas, 
Csefko,  and  Udvardy  (6)  have  postulated  a  chain  mechanism  by  which  histamine 
will  cause  a  deoreaso  in  the  activity  of  heparin  on  blood  ooagulation  time. 
Haley  and  Sbodarsky  (7)  found  that  the  oonoentration  of  histamine  reeded  to 
cause  this  anti heparin  activity  is  a  toxic  amount. 
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Ca3s,  Head,  Riley,  Stroud  and  West  (3)  reported  both  heparin  and  histamine 
present  in  mast  cell  tumors  of  a  dog  in  relatively  large  quanities.  These  mast 
oelis  appear  in  all  vertebrates  apparently  originating  around  snail  blood 
vessels  in  oonnective  tissue*  Riley  and  West  (21)  report  that  there  mast  cells 
occur  in  quite  different  tissues  among  different  speoies  of  aninals  that  have 
been  investigated.  They  have  observed  a  high  correlation  between  the  abundance 
of  mast  oel^s  in  tissue;  and  the  amount  of  histamine  that  can  be  extracted, 

aton  (19)  and  Fawcett  (5)  have  caused  histamine  release  by  t  (l)  disruption  of 
the  ;;,ast  cells  with  distilled  v.ater;  (2)  histamine  liberators;  and  (3)  simple 
chemioal  compounds •    A  mixture  of  low  polymers  of  p-methoxy  N-methyl-phenylethyl 
amine,  called  48/80,  is  one  of  these  histamine  liberators. 


Histamine -he par in  relationship  appears  to  be  associated  with  the  metabolism  of 
animals*    Histamine  is  apparently  not  released  in  the  body,  except  as  heparin 
is  found  in  the  body  fluids. 

Sanyal  and  West  (23)  and  Amann  and  V.erle  (l)  have  found  that  a  heparin  his- 
tamine complex  is  formed  in  a  water  solution  from  whioh  it  can  be  extracted  by 
either  acetone  or  ethanol.    By  oareful  analysis  of  the  precipitate  from  th« 
aoetone  water  mixture,  they  have  determined  the  ratio  at  which  heparin  and 
histamine  appear  to  combine.    They  also  found  that  the  complex  formation  is 
definitely  pH  dependent.    Above  a  pH  of  7  there  are  lesser  amounts  of  histamine 
removed  upon  precipitation  of  the  complex.    Sanyal  (23)  feels  that  the  complex 


Figure  4 
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contains  the  sane  ratio  of  heparin  and  histamine  as  do  th«  mast  calls  vithin 
the  body* 

Aman    and  Werle  (l)  and  ?/orle  and  Amann  (24,25)  found  the  heparin  to 
histamine  ratio  to  be  S  to  1  by  might •    In  their  work  they  report  that  at  a 
pi?  of  6  a  complex  definitely  forma*    In  neutral  or  basic  solutions  little  or 
no  oo  plex  is  found.    The  optimtm  pH  wag  2.8  for  the  formation  of  the  heparin 
histamine  complex*    The  experimental  methods,  those  researchers  used,  were 
equilibrium  dialysis,  paper  chromatography,  and  precipitation  methods,    iYerle  (24,25) 
further  studied  the  heparin  toluidino  blue  interaction  using  paper  chromato- 
graphy.   Here  also  he  found  that  the  equilibrium  was  pH  dependent*    In  neutral 
or  basic  solutions,  little  or  no  ooraplex  formedj  but  a  definite  complex  forms 
if  the  system  is  nade  acid,    A  competition  was  observed  to  exist  between 
toluidine  blue  and  histamine.    If  an  excess  of  one  wore  added  to  a  oomplex,  the 
other  nay  be  completely  removed, 

Wolfrom  (27,28,29)  and  Jorpes  (10,11)  studied  the  chemical  properties  of 
heparin  In  an  attempt  to  establish  the  mechanism  by  which  it  lengthens  the 
ooagulation  time  of  blood,  and  to  determine  its  structure  more  exactly,    Jorpes  (10) 
had  previously  proposed  that  the  high  molecular  weight  of  heparin  might  be  the 
reason  for  its  antiooaK*ulant  activity!  although,  other  high  molecular  weight 
polysaccharides  do  not  appear  to  have  this  anticoagulant  property,    ivolfrom  (29) 
and  Jorpes  (10,11)  by  careful  analytical  analysis  have  shown  the  aotivity  of 
heparin  will  decrease  upon  slowly  warming  solutions  of  heparin  dissolved  in  0,04  M 
acid.    The  only  apparent  change  during  this  process  was  the  release  of  sulfuric 
acid  and  the  accompanying  appearanoe  of  a  free  amine  rroup.    This  reduction  of 
activity  with  the  loss  of  a  small  per  cent  of  the  sulfate  groups  may  explain 
other  discrepancies;  one  of  whioh  is  the  re  cti  on  of  toluidine  blue  with 
heparin.    Using  heparin  from  one  species  of  animal,  Macintosh  (17)  was  able  to 
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develop  a  technique  of  quanitative  heparin  analysis.    The  interaction  of  heparin 
and  toluidine  blue  causes  a  color  ohange  of  the  dye.      The  color  change  is  from 
deep  blue  to  purple.    Macintosh  made  uae  of  this  phenomenon  by  observing  the 
absorbance  change  in  a  constant  concentration  of  toluidine  blue  with  varying 
concentrations  of  heparin.    For  a  given  source  of  heparin  this  absorbaroe  change 
is  linear  in  relation  to  heparin  potency.    Succeeding  workers  have  found  that 
this  relationship  does  not  hold  for  heparins  that  have  been  obtained  from  other 
sources. 

The  literature  indicates  at  least  two  conclusions  about  histamine  liberation 
(1)  first  whenever  histamine  appears  in  the  lymph  fluid  of  the  body,  heparin  also 
appears;  and  second  histamine  oannot  be  released  without  heparin  soon  appearing 
in  the  blood.    The  ratio  of  the  heparin  to  histamine  in  the  mast  oells  (2)  has 
been  determined.    The  complexes  of  heparin  and  histamine  have  been  observed 
(3)  and  the  ratio  of  their  combination  calculated.    The  next  step  would  seem  to 
indicate  the  necessity  for  determining  the  thermodynamic  quanities  of  this  inter- 
action in  aqueous  solutions. 

Heparin  having  a  moleoular  weight  of  12,000  to  20,000  will  not  permeate  a 
dialysis  bag.    Within  a  few  hours  the  smaller  histamine  molecule  will,  by  dialysis, 
establish  equilibrium  concentration  in  this  system.    This  allows  the  use  of  equi- 
librium dialysis  as  an  experimental  technique  for  studying  suoh  interactions. 
With  this  information  thermodynamic  constants  can  be  readily  calculated. 

EQUILIBRIA  DIALYSIS 


In  this  teohnique  the  container  was  divided  into  two  seotions  by  a  semi- 
permeable membrane.    One  seotion  contained  the  large  heparin  molecules;  the  other 
contained  the  histamine.    The  heparin  moleoule  will  not  permeate  the  membrane. 
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while  the  smaller  histamine  moleoule  moves  through  freely.  If  the  heparin  com- 
bines with  some  of  the  histamine;  there  will  be  a  decrease  histamine  concentra- 
tion in  the  heparin  free  portion.  This  difference  is  a  relative  measure  of  the 
bound  histamine  to  the  heparin. 

In  this  technique  errors  of  at  least  two  types  may  oeourj  namely  (l)  the 
Donnan  effect  and  (2)  the  interaction  of  histamine  with  the  dialysis  membrane. 
The  Donnan  effect  is  the  unequal  distribution  of  oharges  and  is  negligible  if  a 
strong  electrolyte  is  used.    This  seoond  error  may  be  eliminated  if  a  blank  cell 
is  treated  in  an  identical  manner  to  the  heparin  sample.    This  blank  oell  contains 
no  heparin  within  the  dialysis  bag,  only  the  buffered  solution. 

To  evaluate  the  data  obtained  from  equilibrium  dialysis,  relationships  are 
needed  between  the  equilibrium  constant  and  the  measurable  quanities  of  the  system. 
Koltz  (12)  in  his  discussion  of  techniques  of  analysis;  he  derived  an  equation 
for  what  he  oalled  the  "intrinsic  association  oonstant"  of  interacting  species. 
This  constant  is  related  to  experimentally  measurable  quanities  in  an  actual 
dialysis.    The  derivation  of  the  expression  connecting  these  measurable 
quantities  assumes,  first  that  the  overall  binding  reaction  oocurs  in  a  stepwise 
manner  and  second  that  there  exists  no  interaction  between  binding  sites. 


DEFINITIONS  OF  SYMBOLS 


(  —  ) 


Brackets  indioate  concentration  in  moles  per  liter. 


ligand 


i 


I oleculos  of  histamine  (li). 


(li>t 
(li)f 

Ui)D 


: 


I 


Concentration  of  free  ligand  in  a  system. 


Total  concentration  of  ligands  in  the  system. 


Ligand s  bound. 
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I 
r 

kl '  k2  *  k3    *  *  * 

K 

Kn  =  klk2kS  ••• 

M 

A 

C 


Maximum  number  of  ligands  bound  per  molecule  of  heoarin. 

Experimentally  determined  amount  of  ligands  per  moleoule 
of  heparin 

Stepwise  formation  constants  of  complexing  reaction. 

Intrinsic  equilibrium  constant  for  the  formation  reaotion 
between  the  ligand  and  heparin. 

Kn  =  kl 

Concentration  of  central  molecule  (in  this  paper,  heparin) 
Total  concentration  of  central  molecule. 
Absorbanoe  of  solution. 
Concentration  in  moles  per  liter. 


DERIVATION  OF  EQUATION 


Each  binding  site  of  the  heparin  molecule  is  considered  to  be  independent 
of  the  other  sites.    Further  it  is  assumed  that  the  intrinsic  association  constant 
is  the  same  for  each  binding  site.    The  association  constant  for  the  jth  site  is 
*  (li M)/(li)(lij-iM)»    The  molecule  lijM  contains  j  ligands  bound  to  each  M, 
this  molecule  has  j  times  the  ohanoes  of  losing  a  ligand  as  does  the  molecule 
nr'ith  only  one  ligand  bound.    Then  its  intrinsic  association  constant  will  be 
lowered  by  a  factor  of  l/j.    The  moleoule  with  (j-l)  bound  ligands  will  have 
n-(j-l)  sites  upon  coordination.    Its  ohanoes  of  reaction  with  a  species  (li) 
before  a  molecule  with  only  one  available  site  is  n-j+l  and  the  intrinsic 
association  constant  is  raised  by  this  factor.    So  then  the  relationship  between 
kj  and  K  is 

kj  =  (n-j+1)  K/J    (1) 


Consider  the  equilibria  involved  in  the  following  reactions* 

ii  +  Mi=i  in 

:  - 

kl      (li)f  00 

(lit!)  =  kx  (XI)  (*)   

li  +  liM  Z=Z  lioM 

k  -  ("y")  

*2      (li)f  (liM) 

(ligM)  =  kg    (li)f  (liM) 

(ii2u)  =  ^  (n)f2  Cm)   

• 

li  +  11.  .H  ^  li.M 
.1-1  J 

(1^_ 
3      (U)f  (lij^M) 

(11  M)  =  kj  (li)f  (Uj^M) 

(UjK)  =  kxk2  •••k..(li)fJ(M)   

• 

li  +  li-  _M    ZZZ  li-M 
n-1  n 


(li*M)  =  kfc  (U)f  (li^M) 

(iy,!)  s  kjkg  "'kj  "'kg  (I!)/  (M)    (5) 

From  the  definition  of  r  on  page  11 

-    moles  histamine  bound  to  heparin 
moles  of  heparin  present 

here  the  moles  of  histamine  bound  may  be  represented  in  the  following;  way. 

(li^)  S  (liM)    2(li2M)+  (11^)+   "\n  (li£M)     ....  (6) 

Substituting  into  equation  (6)  the  quanitities  from  the  equilibrium  constant 
equations  (2),  (s),  (4),  and  (5)  the  following  relation  is  obtained. 

(1^)  -  1^  (li)f  (M)  +  2^  (U)f  O-O+'^  +  j^kj,  ,,"k-(li)fj(M)+...(6 


...      ...  .  n 

n^k.,       kj         kjj  (li)  (M). 


Factoring  out  the  quanitity  (m)  and  substituting  in  for  eaoh  association 
constant,  its  value  in  terms  of  the  intrinsic  association  constant  as  shown 
in  equation  (l)t 

(IV  =  (M)  («  (U)/  K2  (li)^  "%jn(n.l)(n-2)'" 

1}  113  (11)f3 +  f4  ^     j  M 

The  sane  operation  may  be  carried  out  on  the  denominator. 

(Mj.)  •  (M)  +  (liJf)  +  (li2M)+   •••+(lijM)^  "•^(liRM). 
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Making  the  substitution  for  the  cor-plexed  heparin  and  factoring  out  the 
oomnon  term  (M) 

og:  (m)  (x+k!  (u^+k^  (u)J+      •••kj  ui)fj  +  ##% 


Again  substituting  in  for  kj  -  (  ""3 1.1,)  r 


(%)  s  (M)  (1+SK  (li)+n(«-l)  K2  (ll)2+'*  +  n(n-l)(n-2) 

2  : 


(tt~3    1?  (li)J  +   it#+£l  l*<li)S). 


From  the  binomial  theorem,  the  denominator  may  be  reduced  to  (1+K  (ii)  )n» 
Factoring  out  a  (li)  in  the  numerator  it  is  found  the  numerator  5 

e»  ** 

(li)  -JL-.   (1+K  (li)  )n  =  (li)  nK(l  +  K(li))11"1.     The  value  for  r  may  be 
d(li) 

represented  in  the  following  way. 

„  -  (11)  nK(l+K(li)    f"1    ,    5K  (11) 

 (1  +  K(li)R   (1+K  (li)  )  (8) 

Rearranging  this  equation*  it  becomes  a  linear  equation  in  l/r  and  l/(li)» 

 ...(B) 

Multiplying  both  sides  by  (1+K(li)  ) 

r(l  +  K(li)  )  S  Kn  (li) 
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and  then  dividing  both  sides  by  r  and  Kn  (li) 

J-JL +  4.  =_L    (9) 

nK    (li)       I  r 
This  is  the  equation  derived  by  Klotz  in  his  work.    Starting  with  equation  (8) 
again  one  may  obtain  the  equation,  commonly  called  the  Soatchard  equation. 
.  (li) 

r  *  1+K  (li)  (8> 
multiplying  both  sides  by  (1    K  (li)  )  and  carrying  out  the  expansion, 

r  +  rK  (li)  s  nK  (li) 
dividing  both  sides  by  (li) 

TTT)+  rI  s  51 

subtracting  rK  from  both  sides  gives  the  Scatohard  equation 

aT)+at-rI   <10> 

The  approximate  standard  free  energy,  enthalpy,  and  entropy  quanities 
were  calculated  by  means  of  the  following  equations.    Equations  (9)  and  (10) 
may  be  used  graphically  to  determine  the  association  oonstant  and  the  maximum 
number  of  histamine  molecules  per  molecule  of  heparin.    In  equation  (9)  the 
Klote  equation  l/r  is  graphed  with  respect  to  l/(li).    The  slope  of  the  graph 
is  1/nX,  and  the  intercept  ia  l/rl.    The  Scatohard  equation  is  graphed  with 
r/(li)  plotted  against  r.    The  slope  of  the  line  is  -K,  and  the  interoept  is 
nK,    The  method  of  least  squares  may  be  used  to  evaluate  the  best  straight 
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line  through  the  group  of  points  graphed  in  either  equation.    The  approximate 
standard  free  energy,  enthalpy,  and  entropy  quantities  were  calculated  by  means 
of  the  following  equations. 
AF  ■  -P.TlnK 

AH  Z  (     (3AFA)/  *  (V*)  ) 
AS  =  -(d  AF/  £  T) 

P 

HISTAMINE  TO  HEPARIN  BINDING 


Studies  of  heparin  binding  to  histamine  vera  carried  out  in  a  water  bath 

at  pH  values  of  4.40,  6.83,  and  8.99.    The  temperatures  were  0°C  and  25°C. 

Equilibrium  was  achieved  by  plaoing  dialysis  bags  containing  the  heparin 

solutions  in  18  x  25  mm.  test  tubes  containing  histamine  solutions.  These 

o 

test  tubes  were  then  mounted  into  the  constant  temperature  bath.    The  25 
bath  was  maintained  constant  by  a  bimetal  regulator  in  connection  with  a  Fisher- 
Serfass  relay.    This  system  kept  the  temperature  within  0.1  of  25°.    The  0°  bath 
was  controlled  with  a  similar  bimetal  regulator,  but  to  maintain  this  low 
temperature  a  refrigeration  unit  had  to  be  substituted  for  the  heating  element. 
The  refrigeration  unit  was  controlled  by  a  modified  Fisher-Serf ass  relay.  This 
modification  consists  simply  of  putting  the  relay  in  series  with  the  coil  of  a 
1950  Ford  oar  solenoid.    The  relay  plug-In  was  rewired  so  that  it  would  cause 
the  ourrent  to  flow  from  one  side  of  the  plug-in  to  the  other.    Here  the  relay 
acts  as  an  on-off  switoh  for  the  six  volts  D.  C.  used  to  activate  the  solenoid. 
The  modification  wn3  required  beoause  the  heavy  compressor  motor  continued  to 
burn  off  the  points  of  the  Fieher-Serfass  relay  (graph  S).    The  pH  was  maintained 
constant  with  phosphate  buffer  in  all  oases. 
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HISTAMINE  ANALYSIS 

An  analytical  method  for  the  quanitative  determination  of  histamine  was 
developed  by  Koessler  and  Hanke  (13).    The  method  used  here  is  a  modification 
developed  by  Miekel  (18)  and  by  Lyons  (14,15),  of  the  Koessler  and  Hanke 
procedure  and  is  as  follows* 

A  stock  solution  of  sulfanilio  acid  is  made  by  dissolving  0,047  moles  of 
sulfanilio  acid  in  nine  milliliters  of  conoentrated  (37$)  hydrochloric  aoid 
and  diluting  to  100  milliliters  with  distilled  water.    A  five  per  cent  solution 
of  sodium  nitrite  is  made  by  dissolving  5  grams  of  the  salt  in  distilled  water, 
and  diluted  to  100  milliliters*    A  20$  solution  of  sodium  carbonate  is  made  by 
dissolving  two  hundred  grams  of  sodium  carbonate  in  distilled  water  and  dilut- 
ing to  one  liter. 

To  prepare  the  coupling  reagent,  all  solutions  must  be  at  0°  C.    Two  ml. 
of  the  oooled  sulfanilic  acid  solution  is  plaoed  in  a  fifty  ml.  volumetric  flask. 
Six  ml.  of  the  sodium  nitrite  is  slowly  added  with  swirling,  and  allowed  to 
equilibrate  for  five  minutes  at  0°  C.    An  excess  of  six  ml.  of  sodium  nitrite 
solution  is  added.    This  solution  is  thoroughly  mixed  and  allowed  to  stand  in 
an  ice  bath  for  an  additional  five  minutes.    The  solution  is  then  diluted  to 
50  ml.  with  distilled  water  and  allowed  to  temperature  equilibrate  for  fifteen 
minutes  before  being  used. 

To  make  the  aso  dye  of  histamihe,  5  ml.  of  the  sodium  oarbonate  solution 
is  pipetted  into  a  50  ml.  erlenmeyer  flask.    Into  this  is  pipetted  2  ml.  of  the 
histamine  solution  to  be  tested.    Two  ml.  of  the  diaao  reagent  are  added,  and 
the  solution  mixed  thoroughly.    The  absorbance  of  the  resulting  solution  is 
determined  by  the  use  of  a  Beckmann  spectrophotometer.    Using  the  sodium  car- 
bonate in  the  blank  cell,  and  the  aso  dye  solution  in  the  other  cell,  the 


absorbanoe  measurement  is  made  at  a  wave  length  of  500  millimicrons.  This 
procedure  is  repeated  again  and  again,  until  a  maximum  absorbanoe  is  observed 
for  the  azo  dye.    This  repetition  is  necessary  because  the  dye  formed  is 
somewhat  unstable.    The  dye  in  forming,  blooms  slowly  from  a  pale  yellow  to  a 
deep  orange.    The  maximum  absorbanoe  has  been  used  in  establishing  the  relation- 
ship of  absorbanoe  to  concentration.    The  relationship  is  linear  within  the 
range  of  concentrations  used.    (See  Plate  2) 

A  seoond  method  whioh  allows  all  solutions  to  be  measured  at  relatively 
the  same  time,  has  been  used  with  good  svocess.    In  the  technique  described, 
the  time  needed  to  make  twenty  absorbanoe  readings  was  about  two  and  one-half 
hours.    This  time  delay  will  see  a  change  in  the  diazo  reagent.    A  decided 
decrease  in  absorbanoe  is  observed  in  solutions  whose  absorbanoe  should  remain 
constant.    In  almost  all  oases  where  the  time  needed  to  take  readings  extended 
over  two  hours,  an  apparent  ohange  in  concentration  took  place.    The  seoond 
teobnique,  then,  requires  standard  solutions  of  histamine  to  be  made  up  of 
about  the  same  concentration  as  the  unknown  solutions.    This  oan  be  easily 
done  by  diluting  the  original  histamine  solution  to  the  appropriate  concentra- 
tions.   The  diazo  reagent  is  made  up  as  previously  described.    Five  ml.  of  the 
sodium  oarbonate  solution  are  pipetted  into  a  series  of  50  ml.  erlenmeyer  flasks. 
Two  ml.  of  the  histamine  solution  to  be  measured  are  introduoed  into  each  flask. 
Two  ml.  of  the  diazo  reagent  are  added  to  each  flask  and  thoroughly  shaken.  All 
flasks  are  tightly  stoppered  and  allowed  to  stand  twelve  hours.    After  the  azo  dye 
goes    through  the  maximum  as  previously  desoribed,  it  fades  slowly  to  what 
appears  to  be  a  relatively  stable  color.    It  has  been  demonstrated  that  this 
final  dye  color  formed  also  plots  a  linear  graph  of  concentration  against 
absorbanoe.    Other  methods  of  analysis  of  histamine  have  been  developed.  Included 
in  these  is  the  procedure  by  Lyons  and  Andrews  (15),  which  utilizes  p-bromo 
analine  as  the  diazo  coupling  agent. 


EXPLANATION  OF  PLATE  II 


Absorbance  curve  of  histamine  azo  dye  at  maximum  absorbanoe 
graphed  against  concentration  of  histamine. 
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MECHANICAL  APPARATUS 

The  shaker  unit  was  so  devised  that  the  test  tubei  would  be  held  beneath 
the  water  level,  and  was  agitated  by  a  rocking- jerking  motion.    This  was  done 
by  a  motor  attached  either  through  reduotion  gears  or  a  series  of  pulleys  to 
a  rocker  arm.    This  rocker  arm  holds  the  test  tubes  in  plaoe  in  the  bath.  To 
obtain  the  jerking  motion  a  steel  plate  with  a  horizontal  slot  was  attached  to 
the  vertical  rod  of  the  rocker  arm.    The  driving  rod  was  foroed  to  slide  baok 
and  forth  in  this  slot.    At  eaoh  end  of  the  slot,  the  driving  rod  would  hit  and 
oause  the  dialysis  bags  to  agitate  the  solution,  thus  achieving  and  maintaining 
the  equilibrium. 

THERMODYNAMIC  DATA 

In  the  calculation  of  this  data  from  Soatohard's  equation  an  assumption 
was  made  as  to  what  constitutes  a  basio  heparin  unit.    The  model  ohosen  to 
represent  one  heparin  moleoule  oontains  five  sulfate  groups  and  it  is  further 
assumed  that  each  of  the  five  groups  will  react  with  histamine.    (Figure  S) 
This  number  is  used  in  the  Soatohard  equation  for  the  maxinum  number  of  histamine 
molecules  that  will  be  bound  to  each  heparin  unit.    The  equation  is 

r     =  5  K  -  rK  (10) 

Hi) 

In  the  evaluation  of  the  data  obtained  from  equilibrium  dialysis,  the  mean 
association  constant  was  taken  to  be  the  true  constant  for  that  particular 
temperature  and  pH. 
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Table  5.    Thermodynamic  values  from  equilibrium  dialysis 


pH 


Temperature 


AS 


cal 


deg  mole 


4.4o 
6.83 
8.99 


0° 
25° 

0° 
25° 

0° 
25° 


-5.23 
-5.77 

-4.72 
-3.59 
-3.28 


0.618 
-0.824 
-7.C21 


21.43 
13.08 
-12.56 


DISCISSION  OF  RESULTS 

It  can  be  seen  from  the  thermodynamic  data  that  a  definite  binding  occured 
between  heparin  and  histamine.    This  is  in  agreement  with  the  conclusions  of 
Amann  (l),  Sanyal  (23),  and  Werle  (24,25).    The  free  energy  values  indicate  that 
when  the  two  molecules  are  in  a  system  together  there  is  a  definite  association. 
From  the  examination  of  equilibrium  of  the  heparin-histamine  system  once  it  is 
established,  it  remains  stable.    This  is  quite  dissimilar  to  the  binding  of  the 
histamine-protein  complex  as  reported  by  Lyons  (14).    Lyons  found  that  histamine 
would  form  a  complex  with  protein,  although  it  would  again  be  released  into  the 
system  after  an  initial  interaction.    Apparently  the  heparin  xo  histamine  bond 
is  stronger,  or  of  a  different  type.    Andrews  and  Lyons  found  that  by  using  a 
metal  ion.  namely  copper,  that  the  complex  of  histamine  and  protein  was  more 
stable  (2). 

The  free  energy  values  are  of  the  order  of  hydrogen  bonding.    These  free 
energy  quanities  agree  with  the  hypothesis  that  the  complex  formed  is  a  coordina- 
tion compound.    It  is  proposed  here  that  the  protinated  histamine  coordinates 


EXPLANATION  OF  PLATE  III 


A  -  Coil  of  Fisher-Serfass  relay 
Fi  F1  -  Fisher-Serfass  relay  points 
G  m  Fisher-Serfass  transformer 
M  -  Refrigeration  motor 
R  -  Solenoid  ooil 
S  -  Solenoid  points 


PLATE  III 


4  MFD 


EXPLANATION  OF  PLATE  IV 

Azo  dye  absorbanoe  ohange  with  regard  to  time, 
and  concentration  of  histamine* 

O  -  3.32  x  10-4  Molar 

□  -  1.67  x  1CP4  ?-5olar 


PLATE  IV 


TIME    IN  SECONDS 
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with  the  negative  sulfate  groups  of  the  heparin  anion*    The  electron  defieient 
histamine  aots  as  a  Lewis  acid,  and  the  electron  rich  sulfate  sites  as  the 
Lewis  base. 

It  is  observed  that  the  As  values  are  negative*  This  negative  entropy  ma} 
be  explained  in  two  waysf  (1)  the  heparin  moleoule  may  be  associated  in  some  way 
with  water  or  buffer  molecule  a  at  the  lower  temperature  and  when  the  temperature 
is  raised  they  beoome  less  associated}  (2)  the  heparin  molecule  may  be  folded  at 
the  lower  temperature*  and  when  the  temperature  is  raised  it  unfolds*  This  makes 
the  site  more  available  for  binding* 

The  explanation  of  the  pH  dependence  of  the  complex  may  have  been  predicted 
from  a  study  of  the  structure  of  the  two  compounds  involved*    Reoelllng  the 
discussion  of  this  coordination  compound  and  the  postulate  of  protonated  histamine 
reacts  with  the  sulfate  groups*    It  would  seem  feasable  that  the  more  protonated 
histamine  present*  the  more  successful  collisions  would  occur  between  the  two 
reacting  species*    These  free  energies  indicate  histamine  binding  to  just  one 
site*    If  this  was  not  true  a  leveling  off  of  the  free  energy  would  be  shown 
between  a  pi!  of  6*83  and  pH  of  4*40. 

In  the  prooess  of  histamine  analysis  an  unexplained  phenomenon  oooured* 
Weighed  amounts  of  histamine  were  dissolved  into  solution  and  these  varied  con- 
centrations were  used  to  make  the  aso  dye.    The  different  absorbanoe  readings 
of  the  resulting  dye  were  measured*  and  the  concentration  to  absorbanoe  was 
found  to  be  linear  with  concentration.    These  histamine  preparations  were  allowed 
to  stand  under  normal  oonditiona  for  a  few  hours  and  when  new  aso  dye  solutions 
were  then  made  of  these  samples*  the  concentration  to  absorbanoe  ^raph  was  no 
longer  linear*   There  oooured  in  all  cases  a  definite  decrease  in  histamine 
present.    Several  approaches  have  been  investigated  to  find  a  possible  answer} 
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(1)    Increasing  the  area  of  glass  in  oontaot  with  the  histamine  solution?  (2) 
using  test  tubes  rinsed  with  dilute  HC1,  oompared  to  test  tubes  not  rinsed 
with  the  acid;  (3)  dialysis  against  the  soap  used  in  washing  the  equipment;  (4) 
allowing  equal  molar  concentrations  to  stand  under  different  thermal  and  light- 
ing conditions.    Of  these  four  procedures  only  the  fourth  gave  any  indication 
of  a  difference  in  concentration.    Here  samples  were  allowed  to  stand  at  room 
temperature  in  the  sunlight.    After  a  period  of  twelve  hours,  a  definite  dif- 
ference in  concentration  was  observed.    Of  two  sets  of  histamine  samples,  the 
one  left  at  room  temperature,  had  a  discernible  deorease  in  concentration  oom- 
pared to  the  samples  of  histamine  at  0°  C. 

Consideration  of  the  instability  of  the  aso  dye  of  histamine  has  led  to 
another  short  investigation.    The  reaotion  of  sulfanilio  aoid  yields  a  colored 
solution  under  the  conditions  given  for  making  the  aso  dye.    The  color  formed 
is  not  stable.    It  blooms  to  a  peak  absorbanoo  and  then  apparently  fades 
asymptotically  to  a  stable  oolor.  (Plate  4).    A  short  study  was  made  of  this 
instability  to  determine  the  order  of  the  reaotion.    The  method  used  was  to 
observe  the  change  in  absorbance  with  respect  to  time  for  several  concentrations. 
The  assumption  was  made  that  the  dye  oonoentration  is  direotly  related  to  the 
absorbanoo  of  the  solution,  and  that  absorbanoe  of  the  dye  measured  the  dye 
concentration  in  all  calculations.    The  order  of  the  reaotion  changes  from  an 
initial  sero  order  to  fractional  orders  as  the  reaotion  proceeds.    Plate  4 
gives  evidenoe  that  the  oolor  does  not  fade  as  rapidly  as  previously  suspected. 
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EXTENSIONS 

Numerous  extensions  may  be  made  from  this  problem.    The  first  might  be  a 
further  study  of  the  heparin  interaotion  with  histamine  using  a  different 
experimental  technique.    This  oould  be  done  in  several  ways.    Amann  (1), 
Sanyal  (23),  and  Werle  (24,25)  have  already  made  studies  of  this  complex,  using 
paper  chromatography,  precipitation  techniques,  and  equilibrium  dialysis.  Since 
heparin  does  have  a  reported  optical  activity,  there  is  a  possibility  of  study- 
ing the  heparin- histamine  complex  with  polarimetry.    A  second  extension  would  be 
to  study  the  heparin-inidaisole  complex  formation  and  the  histidine-heparin 
oomplex  formation.    These  two  compounds  follow  naturally  the  study  of  histamine. 
Imidazole  is  the  basic  ring  structure  of  histamine;  and  histidine  is  an  amino 
acid  with  very  similar  structure.    Histamine  is  derived  from  histidine  by 
decarboxylation.    Potentlometric  titrations  have  possibilities  for  this  investiga- 
tion.   Both  histamine  and  heparin  have  titration  curves.    (Plate  I)    The  informa- 
tion from  such  titrations  oould  give  information  as  to  the  type  of  oomplex  that 
is  being  formed  between  histamine  and  heparin.    Examination  of  the  titration 
curves  of  histamine  indioate  that  a  sharp  increase  in  complex  formation  may 
occur  at  pH's  just  less  than  eaoh  end  point. 

An  exploration  of  the  apparent  disappearance  of  histamine  from  its  solution 
should  be  carried  out.    This  problem  could  be  probed  in  the  following  ways* 
Investigate  the  effeot  of  sunlight  and  artifioal  light  including  ultra  violet, 
visible,  and  infra  red*  the  effeot  of  heat}  the  effeot  of  pH  on  the  rate  of 
histamine  disappearance. 
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Sample  Calculations! 

The  following  sample  calculations  are  for  the  two  temperatures  reported 
in  this  paper.    One  set  of  data  for  eaoh  temperature  have  been  calculated  from 
the  following  experimental  values: 

a)  ebsorbanoe  of  histamine  sample  dialyaed  against  heparin  -  0.383 

b)  abcorbance  of  histamine  sample  dialyzed  against  buffer  «  1.200 
In  the  following  equations  A  represents  absorbance,  and  c  represents 

concentration  of  histamine  in  noles  per  liter.    By  the  use  of  least  squares 
the  data  graphed  on  Plate  2  yielded  the  following  relationship.    (A  reference 
to  least  squares  may  be  found  in  J.  W.  Mellor's  "Higher  Liathmatics  of  Chemistry 
and  Physios. "    p.  326-330).    A  «  4.270  X  103    o  -  0.04. 

The  following  calculation  is  for  the  concentration  of  histamine  in  a  • 

(0.3b3)  S  4.27  X  103  oh  -  0.04 

4.27  X  10Sch  -  0.383  -  0.04  =  0.387 

oh  »  9.06  X  10"5  moles  per  liter 
where  c^  is  the  molar  concentration  of  the  free  histamine. 

Since  only  25  milliliters  wus  the  total  volume  of  the  solution,  and  so  the  number 
of  moles  present  in  the  solution  was 

(9.06  X  10"5  moles/liter) (2.5  X  10"2  liters)  "  2.26  X  10"6  mole 
Similarly  for  the  standard  solution  a  value  of 

cs  ■  7.05  X  10     moles  histamine  was  obtained. 
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The  difference  in  these  two  quantities,  the  number  of  moles  of  histamine  bound 
to  the  heparin  within  the  dialysis  bag,  is 

7.05  X  1CT6  -  2.26  X  10"6  S  4.79  X  10~6  moles. 
The  concentration  of  the  heparin  solution  was  2.46  X  10"°  moles  per  liter. 
The  volume  of  solution  within  the  dialysis  bag  was  10  millilitersj  therefore  the 
total  concentration  of  heparin  present  was  2.46  X  10-5  moles.  Scatchard's 
equation  from  page  9  is 

r/(li)f  =  BX  -  rK    (7) 

Assuming  the  value  for  3  to  be  5,  and  substituting  in  the  experimentally 
determined  values  the  association  constant  is  obtained  is  followsi 

2.76  X  104  =  (5)K  -  (.194)K 

2.76  X  104  =  X(5  -  0.194)  =  K(4.806) 

K  »  2.76  X  104    /4.806  =  5.74  I  10s 
Repeating  the  same  procedure  for  25°  C,  the  calculation  association  constant  is 

K  =  8.03  X  10s 

Using  the  above  data,  the  following  thermodynamic  quantities  are  calculated* 
AF  =  -RT(2.303)  logK 

AFQ0  S  -(1.36  X  10s) (log  5.74  X  103)  ■  4.70  Kcal/Mole 
AF?5o  =  -(1.36  X  103)(log  8.03  X  10s)  a  5.32  Koal/vole 
AS  a  ■»(  «)  AF/^T)p     -(-5320  -  4700 )/25  ■  24.8  oal/deg  mole 
AH  =  (  a  AF/T/  ai/T)p  *  -  I4™ 

AH  =  51000/25  ■  2040  oal/raole. 
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Tablo  1.    Titration  data  of  histamine  dihydrochloride,  and  heparin 
using  KOH. 


nl  base  pH  Histamine  Solution  pH  Heparin  Solution 


0.0 

3.28 

2.99 

0.1 

3.15 

3.06 

0.2 

3.28 

3.13 

0.5 

3.38 

3.23 

0.4 

3.38 

3.36 

0.8 

3.49 

3.51 

0.6 

3.58 

3.73 

0.7 

3.75 

4.03 

0.8 

3.97 

4.50 

0.9 

4.30 

5.57 

1.0 

5.12 

9.51 

1.1 

5.78 

10.16 

1.2 

6.14 

10.57 

1.3 

6.44 

10.70 

1.4 

6.77 

10.80 

l.F 

7.02 

10.87 

1.6 

7.6o 

10.91 

1.7 

9.02 

10.96 

1.8 

9.72 

11.03 

1.9 

10.00 

11.08 

2.0 

10.20 

2.1 

10.38 

2.2 

10.57 

2.3 

10.73 

2.4 

10.88 

2.5 

10.93 

2.6 

10.93 

2.7 

2.8 

11.07 

2.9 

11.12 

3.0 

11.16 

Table  2.    Abscrbanoe  of  the  azo  dye  of  histarrine  related  to  time  end 
oonoentration  of  hi  stamina 


Tine  after  i  Histamine  eoncentratior  moles/liter 

making  azo  t  absorbanoe  readings 

dye  (sec.)      :      5.55  X  10"4         »  3.33  X  lO""4        t        1.66  X  10*"4 


140 

2.23 

l«4T 

0.678 

195 

2.43 

1.64 

0.780 

240 

2.58 

1.713 

0.825 

290 

2.78 

1.698 

0.865 

340 

2.45 

1.592 

0.850 

420 

2.45 

1.492 

0.760 

465 

2.36 

1.425 

0.690 

525 

2.30 

1.377 

0.640 

570 

2.28 

1.347 

0.605 

G20 

2.27 

1.303 

0.573 

700 

2.31 

1.287 

0.545 

750 

2.26 

1.262 

0.525 

805 

2.17 

1.233 

0.510 

870 

2.27 

1.303 

0.490 

920 

2.30 

1.190 

0.479 

990 

2.22 

1.161 

0.465 

1060 

2.13 

1.147 

0.455 

1110 

2.13 

1.130 

0.447 

1170 

2,17 

1.127 

0.443 

1230 

2.17 

1.127 

0.443 

1800 

2.13 

1.090 

0.367 

2400 

2.15 

1.082 

0.345 

3000 

2.08 

1.07 

0.337 

39600 

1.999 

1.007 

0.315 
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Table  3.    Tine  study  of  heparin-histamine  binding,    pli  4.40  at  0°  C. 


Time  (hours)  Absorbance  of  Molar  conoen|ra- 

blanlc  sample  tion  X  10 


hepm' 


0 

2.50 

5.74 

1 

1.658 

5.13 

2 

1.400 

4.33 

4 

1.233 

3.82 

5 

1.208 

3.74 

6 

t     no  /» 
i.  .<*<«U 

3.79 

7 

1.200 

3.71 

8 

1.180 

2.71 

9 

1.132 

3.50 

'in  solutions 

0 

2.50 

5.74 

1 

1.327 

4.24 

2 

0.768 

2.74 

3 

0.548 

1.77 

4 

0*4?? 

5 

0.327 

1.06 

6 

0.325 

1.05 

7 

0.383 

1.24 

8 

0.293 

0.95 

9 

0.277 

0.90 

Table  4*    Effect  of  pH  and  temperature  on  the  binding  of  heparin  to  histamine. 


i       Temperature  t  Concentration  in  moloa 

p       *  deg.  C.        t       Histamine         t  Heparin    t       Histamine  bound 

l  i  X  10  t  X  10        i  X  107 


0 

4.44 

2.46 

30.60 

0.18 

1.01 

39.00 

9.51 

1.50 

40.00 

7.76 

1.88 

54.20 

25 

2,60 

2.15 

14.10 

3.69 

1.08 

19.10 

10,56 

1.28 

69.10 

12.84 

0.64 

54.30 

0 

3,85 

2.38 

12.00 

4.01 

2.07 

10.50 

5.72 

1.04 

5.68 

5.23 

1.19 

12.00 

26 

4.19 

2.07 

7.90 

6.68 

1.03 

8.37 

5.77 

1.03 

8.37 

3.38 

2.40 

10.90 

0 

16.90 

7.41 

5.97 

11,60 

3.67 

3.16 

18.40 

6.76 

3.82 

2.54 

3.28 

1.29 

25 

5.10 

2.30 

1.87 

6.37 

1.15 

4.71 

7.43 

2.78 

2.17 

5.18 

2.78 

1.81 
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The  medical  and  bioohemical  literature  of  histamine  and  heparin  systems 
is  quite  extensive.    However  practically  no  attention  has  been  given  to  the 
physioal  ohemical  properties  of  these  oompounds.    It  is  believed  that  an 
explanation  of  some  of  the  reactions  of  these  oompounds  may  come  from  their 
thermodynamic  quantities. 

There  appears  to  be  a  definite  relationship  between  the  physiological 
chemistry  of  heparin  and  histamine.    Both  of  these  substances  are  found  in 
the  same  tissue,  and  should  histamine  be  released  into  the  blood  of  an  animal 
it  is  not  long  until  heparin  also  appears  in  this  fluid. 

Heparin  appears  to  have  a  polysaooharids  structure,  containing  two 
specific  rings  within  a  unit,  namely  glucosamine  and  gluouronio  acid.  Below 
is  the  sodium  salt  of  one  of  the  reported  structures  of  heparin. 


Heparin  is  known  for  its  ability  to  prevent  the  coagulation  of  blood  and 
medioal  soienoe  has  used  this  substance  for  this  purpose. 

The  method  of  binding  study  used  here  was  developed  by  Riots,  who 
derived  an  equation  for  the  "intrinsic  equilibrium  constant."    This  constant 
is  related  to  experimentally  measurable  quantities  in  an  aotual  dialysis. 
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The  expression  connecting  these  quantities  assumes  first,  that  the  overall 
binding  reaction  ooours  in  a  stepwise  manner;  and  second,  that  there  exists 
no  interaction  between  sites. 

The  experimental  procedure  involved  the  establishment  of  an  equilibrium 
between  a  heparin  solution,  oontained  in  a  dialysis  bag,  and  an  external 
solution  of  histamine,  both  at  a  known  initial  concentration.    For  eaoh 
heparin-oontaining  tube,  a  corresponding  blank  tube  was  prepared  identical 
to  the  first  exoept  that  it  contained  only  buffer  solution  in  the  dialysis 
bag.    The  difference  in  the  equilibrium  histamine  concentrations  of  the 
tubes  containing  heparin  and  the  blank  tubes,  at  a  given  histamine  concen- 
tration, was  taken  to  be  the  concentration  of  histamine  bound  by  the  heparin. 
The  equilibrium  oonoentrations  of  histamine  and  of  heparin  in  these  inter- 
actions were  used  to  caloulate  the  equilibrium  constants  and  the  changes  in 
the  Gibb's  free  energy. 

It  was  found  that  definite  binding  between  heparin  and  histamine  does 
occur.    The  free  energy  values  are  of  the  magnitude  of  5  Kcal/mole.    This  is 
much  weaker  than  the  usual  oovalent  bonding,  but  within  the  range  of  values 
of  hydrogen  bonding.    The  final  structure  of  the  heparin-histamine  complex 
assumes  the  heparin  sulfate  anion  is  bonded  to  the  protonated  amine  group 
of  the  histamine. 

The  analytical  oolorimetric  method  for  the  analysis  of  histamine,  using 
the  sufanilio  acid  azo-dye,  was  reinvestigated.    The  color  was  found  to  be 
more  stable  than  previously  suspected,  and  a  modification  in  the  analysis 
of  histamine  is  suggested. 


